Abstract. Clonal selection allows control of virus diseases and selection of genotypes on agronomic, viticultural or enological criteria. Clonal selection has the major drawback that it impoverishes genetic diversity and exposes growers to environmental instability of clones (genotype X environment interaction). Clonal selection has become the almost unique way of propagating plant material for vineyards, hence threatening the genetic diversity of the grapevine. For major grapevine varieties, some genetic diversity is maintained in institutional collections. However, this way of conservation is insufficiently developed, it is expensive and remains fragile. A cost effective way to preserve intra-varietal diversity is to maintain a limited proportion of mass selection in vine propagation. Private clonal selection can also contribute, in a more limited way, in maintaining genetic resources. Another approach to carry out conservation and selection of grapevine is the methodology followed in Portugal. This strategy is exemplified with the conservation/selection of an ancient Portuguese variety. The work begins with the "ex situ" conservation of a representative sample of the intravarietal diversity of the variety, which, in practice, corresponds to a large field trial with hundreds of clones under an experimental design suitable for reducing random variation of quantitative traits. From evaluating those traits (yield and must quality traits), the intravarietal diversity is quantified and the range of the predicted genotypic effects for each of those traits is analyzed. Different mass selections (polyclonal selections) are carried out for distribution and planting of new vineyards. These different mass selections provide high economic gains and also the preservation of diversity in a complementary manner to that which started the work on-farm conservation.
Introduction
Most of vines cultivated for wine making belong to the species Vitis vinifera. Each ancient variety is made out of a population of individuals who are not strictly identical on the genetic level. Hence, there is a diversity inside grape vine varieties for characteristics such as fertility, berry size or their capacity to accumulate sugar during the ripening period. Starting from a specific vine it is possible to obtain by successive propagation of the buds a great number of individuals which are strictly identical from a genetic point of view. In biology, a group of individuals having the same genome is called a "clone". From the 1960's the purpose of clonal selection was to implement the multiplication of vines having a certain number of preset characteristics (virus free, sufficiently productive, producing grapes with high sugar levels). This clonal selection made it possible to clean up and improve overall quality of the plant material sold in Europe [1] . However, the qualitative potential of the certified clones varies according to grape variety. Several high quality clones were selected for Merlot, CabernetSauvignon and Sauvignon blanc, whereas the results are definitely mitigated for the Cabernet franc and Sémillon. If it is not necessary today to question the benefit of the clonal selection, it is nevertheless necessary to point out two important limits of this way of multiplication of vines. The limits should motivate professionals to consider other ways of selection to be carried out in parallel. Firstly, it is necessary to admit the qualitative limits of the clonal selection on certain grapevine variety, like Cabernet franc and Sémillon, but also the great majority of secondary varieties (Petit Verdot, Carmenère, Cot or Malbec in Bordeaux region. . .) [2] . Secondly, by choosing as single way of improvement of plant material the clonal selection, professionals impoverish in a dramatic way the genetic diversity which exists inside grapevine varieties.
This impoverishment cancels in fact any possibility of selecting new clones in the future. This established fact is particularly serious as the needs for the wine growers vary over time. In the 1970's producers needed BIO Web of Conferences productive clones, and grapes with high sugar levels. Today a high level of production is not any more required but the growers would like to have clones more resistant to diseases [3] . Perhaps tomorrow, if global warming is confirmed, producers will need later ripening clones, or producing grapes with moderate sugar levels. It will be more and more necessary, in order to be able to select clones answering these new criteria, to have genetic resources which allow such selections. Institutional collections exist to preserve genetic resources. These germplasm conservatories are useful but they cannot, alone, guarantee the preservation of the whole of genetic resources of the grapevine. Genetic resources can be preserved effectively and at less expensive level in the vineyard of wine growers.
However, genetic conservation and selection represent a very complex problem that requires different and complementary solutions depending on different contexts of wine and vine growing. Therefore, a different approach to carry out conservation and selection of grapevine is followed in Portugal. It is mainly focused on understanding intravarietal diversity within ancient varieties, that is, knowing how much diversity exists within each ancient variety, in which regions it is concentrated, how it should be conserved and explored through selection using the most powerful scientific methods. This approach is supported by an association that brings together universities, companies and organizations representing the wine industry (PORVID). The methodology develops over three cycles [4] [5] [6] : 1) sampling variability in different regions where the variety is grown (hundreds of mother plants in ancient vineyards); 2) planting a large field trial with sampled plants (100 to 400, each one vegetatively propagated originating a clone) with the objectives of conservation, quantification of the genetic variability of agronomic and qualitative traits and mass selection of a group of clones for immediate use and intermediate selection of clones to enter cycle 3; 3) planting multienvironmental trials with clones selected from cycle 2 focusing on evaluation of environmental stability (low genotype by environment interaction) and quality of wine. This paper covers the quantification of genetic diversity and mass selection of clones within ancient variety "Arinto" (cycles 1 and 2 as referred above, that is, ex situ conservation and mass selection only).
This paper is organized in two main sections: I) the strategy particularly applicable to the French context; II) the strategy currently applied in Portugal.
1) Classic tools to preserve biodiversity (example of the French approach)

History of clonal selection
The vine can be infected by numerous viruses. Some of them negatively affect the yield and/or the quality of the wines produced. However the vine is multiplied by vegetative reproduction: a new young vine is produced from a bud taken on a mother vine. A drawback of this way of propagation is the multiplication of the viruses or associated diseases. If the mother plant is infected by a virus, the vine produced by grafting will also be infected.
In the 1960's researchers started to test vines to check the absence of viruses before carrying out their multiplication. By multiplying healthy vines a great number of times by successive propagation by grafting, they obtained pure lines (genetically homogeneous) and virus free clones. In a second time, they started to introduce into this clonal selection criteria concerning different characteristics, such as yield and the capacity of the vines to produce grapes with high sugar levels, then more complex criteria like phenolic compound content of the grape or the quality of the produced wines [7] . Because of the benefit of this way of selection in reducing the impact of virus diseases, this way of selection has been quickly promoted by the organizations in control of the wine industry as the quasi unique way of selecting and propagating of grapevine plant material. Multiplication of an extremely limited number of genotypes for each cultivar resulted in a fast erosion of the genetic resources. This phenomenon becomes particularly alarming today when the wine growers are about to rip out the last vines planted before the clonal selection, i.e. planted before 1960.
Preservation of the genetic resources
In order to preserve the genetic diversity of grape varieties, institutional germplasm conservatories were created. They are certainly useful, but it is not reasonable to count only on these conservatories for the preservation of the genetic resources of vines. Their surfaces and their numbers are insufficient to take into account the wide genetic diversity of the vine. They depend on public fundings and thus subject to possible budget cuts. By gathering the genetic resources in a small number of sites, one increases the risk of accidents: climatic catastrophes, diseases, budget cuts. . .. To show how fragile they are, one can quote the case of Vassal estate in France, which gathers the greatest number vine genotypes in the world (INRA, 25 ha, 7,500 genotypes, 2,600 Vitis vinifera varieties, 210 rootstocks and 720 hybrids originating from 47 countries). The INRA is not the owner of the land and the lease is expiring. This situation forces the INRA to move this vast collection. In complement of the conservatories, genetic resources could be preserved in private wine producing estates. Without questioning institutional clonal selection, which has shown its effectiveness, it is desirable to promote private mass selections on a minority but significant proportion of planted surfaces, for example 5% [8] . Such a proportion would make possible to preserve a genetic diversity on approximately 40,000 ha in France, that is to say about 1000 times more what is possible today in the institutional conservatories.
The private clonal selections can also contribute, in a more limited way, to the preservation of the biodiversity. It is necessary to accompany these private selections (mass or clonal) in particular to limit the risk of propagation of virus diseases and phytoplasma. Mass selection is the easiest way to carry out a private selection of plant material. It is also possible to implement a true private clonal selection programme. This way requires obviously more important technical and financial means than the mass selection and contributes more modestly to the preservation of the biodiversity.
01018-p.2 th World Congress of Vine and Wine and 12
th General Assembly of the OIV From which vineyards private selection can be carried out?
Only vineyards which are not planted with clonal material are of interest for selection. That means most of the time old plots, planted before the generalization clonal material during 1970's. The majority of the vineyards planted before 1970 and all vineyards planted before 1960 meet this criterion. These plots will soon be pulled up, which makes urgent the need to save their genetic resources. It is particularly interesting to practise selections in vineyards which have a high quality potential for wine making. During operations of selection, all the virus infected vines will be eliminated. It is thus preferable to avoid selections in strongly contaminated plots because a strong rejection rate increases the cost of the selection.
Difference between a mass selection and a private clonal selection
Most of selection of plant material starts with an attentive observation of the candidate plot. The wine grower must fix his own criteria of selection: morphology of bunches, yield, berry size. . .. For some varieties, like the Cabernet franc, it can be interesting to select loose bunches with small berries. Indeed the genotypes with large compact bunches, are more sensitive to overproduction and grey rot.
Once the plot chosen, vines that meet the selection criteria are marked. The best time to carry out the observations is the week which precedes harvest. The first year it is necessary to mark a great number of vines, several hundreds in a plot. The second year all the marked vines are visited and only the ones that meet the selection criteria again are preserved. The marks are removed from the vines that do not meet the selection criteria any more. The third year this operation is repeated. All the vines which still have their marks after the third year answered favorably to the selection during the three consecutive years. At this stage, ELISA tests will be carried out to check the absence of the principal viruses: Grapevine FanLeaf Virus (GFLV), Arabis Mosaic Virus (ArMV) and Grapevine Leaf Roll Virus (GLRaV) serotypes 1 and 3. Cuttings are sent next winter to a nursery, where they are grafted on the rootstock requested by the wine grower.
In the case of the traditional mass selection, there is generally no, or little, traceability between the mother stocks (generally several hundreds) and the produced vines: buds are multiplied in mass. It is possible however, and it can be recommended, to plant blocks resulting from mass selection with repetitions of rows of plants originating from each mother vine. Such a device makes possible to carry out if necessary in a second time selections leading to a private clonal selection [9] .
For private clone selection, the choice of the mother vines is more restrictive and a maximum of few dozens of mother vines are selected. In addition, a total traceability is respected during grafting, which makes it possible to link each vine to its mother plant. The young vines produced are installed in a trial divided into blocks. All the numbers (potential clones) are present in each block, for example 5 stocks of each number in each block. Once the vines enter production, it becomes possible to make measurements on each number with replicates, in order to be able to carry out statistics on the results of measurements and observations. Many measurements are relatively easy to implement: grape yield per vine, bunch weight, fertility, berry weight, sugar content of the grape, total acidity or the rate of Botrytis cinerea at harvest.
After at least three years of measurements and observations in the trial plot, which contains several dozens of potential clones, it becomes possible to identify some clones which answer perfectly to the criteria of the vineyard manager and which can be multiplied. At this stage it becomes interesting to carry out micro vinifications to check the organoleptic characteristics of wines made from the pre-selected clones. A clone present in the trial block (a few dozens of individuals) will provide enough buds to make several hundreds of vines. At this stage it is not possible to plant whole blocks with only one clone resulting from the private clonal selection. In the first time, a block should be planted with several selected clones. From this block, buds can be used to produce new vines. However, these blocks should be regularly tested to make sure that the vines remain virus free. After a few years the estate can plant the clones they have selected and which are adapted to their Terroir and type of production. A private clonal selection is a process which is not difficult to carry out, but requires rigour and long-term vision, because the clones are produced after 12 years or more.
Cost of mass or clonal private selection
Traditional mass selection requires about five days of highly qualified work (1,000 e/day). The cost of serological tests (ELISA) is on average 6,000 e. For planting a plot with a density of 5,000 vines/ha, the additional cost of the plants is about 2,500 e ( Table 1) . The additional cost of mass selection is about 13,500 e for a one hectare plot. This investment may seem high for the first hectare planted. However, the estate can multiply this plant material on much larger plots and so obtain a return on investment. Mass selection should be considered as an initial investment, the cost decreasing with the area planted over the years. A private clonal selection requires 23 days of highly qualified work. The cost of the ELISA tests is 3,000 e. For 25 clones tested, microvinifications could be carried out on the 10 clones considered a priori to be the most promising. They represent a total of e 30,000 for three years of microvinifications. Chemical analysis can be carried out for e 2,000/year approximately. The additional cost of manufacturing plants is identical to mass selection. It is about e 2,500 in total. The additional cost of a private clonal selection is around e 65,000 minimum for 23 working days (Table 1 ). This partly explains the fact that only prestigious properties are investing in private clonal selection. As for mass selection, the amount of that investment decreases with the area planted over the years.
II) Methodology to study intravarietal diversity (example of the Portuguese approach) Some materials and methods
The selection strategy in Portugal is exemplified through the conservation/selection of the ancient Portuguese 
Supplementary cost compared to a regular plantation >65,000 e (23 days)
variety "Arinto". "Arinto" is one of white varieties with the strongest identity and largely cultivated in Portugal. Data analysis was based on average yield values observed over several years and performed using PROC MIXED of SAS version 9.2 [10] . Mixed models were fitted to yield and quality traits data [11, 12] . The parameters involved in the model were estimated by residual maximum likelihood (REML). A residual likelihood ratio test was used to test the null hypothesis that genotypic variance component was equal to zero. The p-value of the test was half of reported p-value from the chisquare distribution with one degree of freedom [13, 14] . Additionally, a generalized measure of broad-sense heritability was computed [15] , in order to assess the amount of genetic information present in the data and, thus, evaluate selection efficiency. For better comparison of genetic variability among traits, coefficient of genotypic variation (ratio between the estimate of the genotypic standard deviation and the estimate of the mean of the population) was computed. With residual maximum likelihood estimates, the empirical best linear unbiased predictors (EBLUPs) of genotypic effects were obtained for each trait by solving the mixed model equations [16] . The EBLUPS of the genotypic effects were used to select different sets of clones (mass selection, polyclonal material). Four types of polyclonal material were obtained according to the following criteria:
Type 1 -The twenty top ranked clones for yield; Type 2 -The twenty top ranked clones for soluble solids; Type 3 -The twenty top ranked clones for acidity; Type 4 -A group of twenty clones composed by the five top ranked clones in yield, the ten top ranked in soluble solids and the 5 top ranked in acidity.
For each trait, prediction of genetic gain was computed as the average of EBLUPs of genotypic effects regarding selected genotypes. To better interpret results, predicted genetic gain was expressed as a percentage of the overall mean.
Some results and discussion
For the study conducted with the Portuguese methodology, results concerning quantification of genetic variability and selection are presented in Tables 2 and 3 , respectively. Heritability values obtained for all traits were highly satisfactory (equal or greater than 0.85) meaning that a large portion of the total variability is due to genotypic effects (Table 2) . It was also found that genetic variability of yield,
• Brix and acidity was significant (p-value <0.05). Presence of high genetic variability and high values for heritability for these three traits are good indicators for selection success. Among traits, genetic variability was higher for yield (higher value for coefficient of genotypic variation) which certainly will have consequences in genetic gains to be obtained by selection.
Results concerning polyclonal selection (Table 3) show that it is possible to select a group of superior clones concerning one or several traits with high genetic gains. Among the different types of polyclonal material obtained, in type 4, positive genetic gains for all traits were reached. For other types (1 and 2), gains in both th World Congress of Vine and Wine and 12 th General Assembly of the OIV yield and soluble solids were obtained. Only with type 3 genetic gain for acidity resulted in losses for yield and soluble solids. These different materials should be used according to grape-growers objectives, but many other types of polyclonal material could be selected. However, it is important to emphasize that this is only possible because the work is based on a representative sample of overall genetic variability within the variety. Additionally, another important advantage of using polyclonal material is related to its environmental stability (low sensitivity to genotype by environment interaction).
III) General conclusions
The institutional clonal selection has the advantage of limiting the impact of virus diseases in plant material for vineyards. It presents also drawbacks, mainly the extreme erosion of genetic resources. An interesting way to maintain genetic diversity in the vineyard is to promote other ways of selection, like the mass selection and the private clonal selection, on significant surfaces like 5% of the total area planted with vines in a given winegrowing region. These ways of alternative selections represent a significant cost for those who implement it. By considering that they take part in the preservation of general genetic diversity, and thus deliver a service to the community, it would not be aberrant to imagine government aid, in particular in the form of free technical support. This support would also provide frame to the alternative forms of grapevine selection and to prevent dissemination of virus diseases. Mass and private clonal selection require also a good organization of the producers implementing this strategy. Mass selection requires 3 to 4 years of anticipation and private clonal selection more than 12 years. According to the methodology developed in Portugal, it is possible to conserve and exploit genetic variability within an ancient variety through the selection of several types of polyclonal material adapted to objectives of winegrowers. These different mass selections provide high genetic gains (and corresponding economic gains) and also preserve diversity on-farm. A complementary way of ex-situ conservation is represented by the large field trial of the second cycle of Portuguese selection methodology.
The methodologies to solve the serious problem of the erosion of intravarietal diversity within ancient grapevine varieties are available, what is missing is to build consensus and create legislative contexts that favor their widespread application.
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